
 
 

 

 
(a) 
 
 
 
 

( ) ( ) ( ){ } ( )( )1 dj
c c c d cX j s t s t S j e τα τ α − ΩΩ = ℑ + − = Ω + . 

( )
21 2 1 2 1

d
kj

j T T
c c

k k

k kX e X j S j e
T T T T T T

ω π τ
ω ω π ω π α

⎛ ⎞∞ ∞ − +⎜ ⎟
⎝ ⎠

=−∞ =−∞

⎡ ⎤⎛ ⎞⎛ ⎞ ⎛ ⎞⎛ ⎞ ⎛ ⎞= + = + +⎢ ⎥⎜ ⎟⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎜ ⎟⎜ ⎟⎝ ⎠ ⎝ ⎠⎝ ⎠ ⎝ ⎠⎢ ⎥⎝ ⎠⎣ ⎦
∑ ∑ . 

(b) 
 
 
 
 
 
 
 
 

( ) ( ){ } 1  ,

0             , .

dj

c c
e

H j h t T
otherwise

τ π− Ω⎧ + Ω ≤⎪Ω = ℑ = ⎨
⎪⎩

 

By (4.60) and Tω = Ω , ( ) 1
djj T

cH e H j e
T

ωτ
ω ω α

−⎛ ⎞= = +⎜ ⎟
⎝ ⎠

. 

(c) 
(i) d Tτ =  

 ( ) [ ] [ ] [ ]1 1j jH e e h n n nω ωα δ αδ−= + ⇒ = + − . 

(ii)
2d
Tτ =  

 ( ) [ ] [ ] ( )
( )

2 2
sin 111 1

2 1
j jj j n n

H e e h n e e d n
n

ω ωπω ω

π

π
α α ω δ α

π π
− −

−

−⎡ ⎤⎛ ⎞ ⎣ ⎦= + ⇒ = + = +⎜ ⎟ −⎝ ⎠
∫ . 

 
 
 

Delay dτDelay dτ
⊕( )cs t

( ) ( ) ( )c c dx t s t s tα τ= + −α
C/D [ ] ( )cx n x nT=

T  

Delay dτDelay dτ
⊕ ( ) ( ) ( )c c dx t s t s tα τ= + −α

C/D [ ] ( )cx n x nT=

T

C/D

T

[ ]s n
( )cs t

( )ch t

( )jH e ω

 


